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(57) Abstract: A multiple frequency band 
antenna, comprising at least two antenna 
elements (10, 11, 20, 21, 60) connected via an 
antenna feeding network to a radio frequency 
source/receiver, said antenna elements being 
operable in at least two non-overlapping frequency 
bands. The antenna feeding network comprises 
means for connection to the radio frequency 
source/receiver, means for direct electrical 
connection to a feed-end portion of a first antenna 
element (10, 20) being operable in a lowermost 
frequency band, and means for capacitive coupling 
(24, 90) to a feed-end portion of at least a second 
antenna element being operable in a frequency 
band which is higher than said lowermost 
frequency band. Further, the capacitive coupling 
being dimensioned to provide a relatively high 
impedance for frequencies in said lowermost 
frequency band and a relatively low impedance for 
frequencies in said higher frequency band. 
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SMALL SIZED MULTIPLE BAND ANTENNA 

The present invention relates to a multiple frequency band 
antenna according to the introductory portion of claim 1. 
Specifically, the invention concerns a multiple frequency band 
antenna with a feeding network, which requires one of the 
antenna elements to be connected to the radio frequency 
source/receiver via a capacitive element. 

A general problem when two antenna radiators being situated in 
close proximity to each other is the strong inter- coupling 
between them, and this problem is enhanced further when the 
radiators are directly electrically connected to each other. 
This inter -coupling reduces the efficiency and the bandwidth 
of the antenna elements. As a reduction of the size of an 
antenna element only, gives rise to a reduction of the 
relative bandwidth, the problem for a multiple band antenna, 
constituted by small antenna elements situated in close 
proximity to each other, is severe. Providing each antenna 
element with separate external circuitry for connection the 
radio frequency source/receiver is a possible solution, but 
adds further components to the system and the need for 
separate handling of these, which adds to the cost of the 
multiple band antenna. A method for integrating a feeding 
network, including a capacitive element connecting the antenna 
element operable at the higher frequency band with the radio 
frequency source/receiver, with the antenna elements without 
need for any additional components or steps in the 
manufacturing process has been lacking. 

Capacitive or inductive coupling between antenna elements in a 
multiple band antenna has been described in several patent 
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documents, a recent example of which is WO 99/26314 (Moteco 
AB ; P.O. Box 910, S-391 29 Kalmar, Sweden). This document 
discloses a dual -band antenna with two fixed antenna elements 
for the stand-by position, and two extendable antenna elements 
for the talk positions. Each of the antenna elements for the 
stand-by position, and each of the antenna elements for the 
talk positions, are capacitively/ inductively coupled to each 
other, respectively. This coupling is realised by partially or 
fully overlapping of the larger diameter antenna element 
around the smaller diameter antenna element. The coupling 
takes place along the antenna elements, or a portion thereof, 
and the capacitive coupling cannot be dimensioned separately' 
as an independent parameter, but changing the extent of 
capacitive coupling by changing the extent of overlap between 
the antenna elements, or changing the design of the antenna 
elements, will also affect the radio frequency properties of 
the antenna elements. 

WO 98/49747 (Galtronics Ltd, P.O. Box 1589, 14115 Tiberias, 
Israel) discloses a dual -band antenna constituting two antenna 
elements, the two antenna elements being operable at two 
distinct frequencies. The two antenna elements are in each of 
the embodiments described as linear antenna elements, either 
rod-shaped or helix shaped, and the two antenna elements are 
situated in line with each other, one on top of the other. The 
two antenna elements are capacitively coupled to each other, 
and in each of the embodiments described this is achieved by 
positioning the top end of the lower element in close 
proximity with the lower end of the upper element, or by 
partially overlapping the upper portion of the lower element 
with the lower portion of the upper element. The method is 
suitable when the height of the dual-band antenna is not of 
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great importance, and it is therefore not well suited for 
small sized antenna means. 

An object of the invention is to provide a feeding network for 
multiple band antennas that avoids the problems related to 
coupling between the individual antenna elements that are 
directly electrically connected to each other. Further objects 
are to provide a feeding network which provides for coupling 
to the radio frequency source/receiver, and which may be 
integrated with the antenna, and which may therefore be 
manufactured without any manufacturing steps in addition to 
those needed for producing the antenna elements and the 
structure supporting these, thus giving a feeding network that 
is low cost and rigid. 

These and other objects are attained by an antenna means with 
a feeding network according to the characterising portion of 
claim 1. The feeding network avoids the problems that occur 
when the antenna elements are directly electrically connected 
to each other by providing capacitive coupling to the second 
antenna element, and by choosing the capacitance of the 
capacitive element such that, at the frequency at which the 
lowest band element is operable, the impedance of the 
capacitance is high. This effectively decouples the higher 
band element from the lower band element, thus reducing 

problems occur ing as a result of the coupling between the 

< 

elements. This simplifies the construction of an antenna with 
two small antenna elements being situated in close proximity 
to each other, where the problem of coupling between the 
elements due to electromagnetic effects is already present. 
The feeding network is of course also advantageous when the 
elements are not small and closely spaced, although the 
feeding network is particularly advantageous for small 
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antennas such that, at the frequency at which the lowest band 
element is operable, the impedance of the capacitive coupling 
is high. Accordingly, it has turned out that coupling the 
second antenna element capacitively to the feeding network, as 
described by the present invention, increases the bandwidth of 
the lower frequency band, and it may also increase the overall 
efficiency of the multiple band antenna. 

When dimensioning the capacitance of the capacitive element, 
the aspect of impedance matching to the radio frequency 
source/receiver may also be by taken into consideration. This 
gives an additional degree of freedom when designing a 
multiple band antenna element. If the feeding network 
including the capacitive element is manufactured as an 
integral part of the antenna means, this may reduce the number 
of additional components needed in the radio frequency 
source/receiver for impedance matching, while still keeping 
the manufacturing cost for the feeding network low. 

Extending the feeding network to an embodiment with more than 
two antenna elements needs careful dimensioning of the 
capacitive elements of the feeding network. When operating the 
antenna at a certain frequency, at which a particular antenna 
element is operable, the impedance of the capacitors 
connecting all higher frequency antenna elements to the 
feeding network, should be so high that it effectively 
disconnects them from the feeding network. The ratio of the 
capacitances of two capacitive elements connecting two antenna 
elements operable at two consecutive frequencies, should 
preferably be of the order of one to ten. Of course, the 
optimal ratio for a particular design of an antenna varies 
from case to case. 
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The feeding network also provides for electrical connection to 
the radio frequency source/receiver via a feed end portion of 
the particular antenna element. The feeding network is 
designed for an optimal electrical connection to the radio 
frequency source/receiver , for optimal radio frequency 
properties, which may include taking impedance matching to the 
radio frequency source/receiver into consideration, and 
mechanical durability and ridgidity. If the feeding portion of 
the feeding network, and the rest of the feeding network, can 
be manufactured as an integral part of the antenna means, this 
is an additional advantage. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of an antenna according to a first 
embodiment of the invention, with two helix antenna elements 
and a feeding network; 

Fig. 2 is a planar view of a second element of the antenna 
with two meander antenna elements, and a feeding network; 

Fig. 3 is a planar view of a third embodiment, likewise with 
two meander antenna elements and a feeding network; 

Fig. 4 is a side view of the antenna elements and the feeding 
network illustrated in fig. 3; 

Fig. 5 is a planar view of a fourth embodiment, with first and 
second antenna elements situated on both sides of a substrate; 
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Fig. 6 is a planar view of a fifth embodiment with a multi- 
layer substrate and three meander antenna elements; 

Fig. 7 shows a sixth embodiment with two antenna elements; 

Fig. 8 shows the embodiment of fig. 7 from above, in its 
folded condition; 

Fig. 9 shows a seventh embodiment with two antenna elements, 
where the capacitive coupling is realised with a discrete 
capacitor. 



15 



20 



25 



30 



DESCRIPTION OF PREFERRED EMBODIMENTS 

The first embodiment shown in figure 1 includes two helix 
antenna elements 10, 11 nested inside each other, where the 
feeding network is constituted by the coil necks 12, 13 of the 
two elements. The smaller diameter coil neck 13 is situated 
inside the larger coil neck 12, and the two coil necks 12, 13 
are mechanically fixed with respect to each other by means of 
a dielectric substance 14, which also provides capacitive 
coupling between the two coil necks 12, 13, situated in the 
volume between the two coil necks 12, 13. The outer coil neck 
12 is directly electrically connected to the radio frequency 
source/receiver. 

The second embodiment (fig. 2) comprises two meander antenna 
elements 20, 21 situated on an upper surface of a substrate. 
The feeding network is provided with a means in the form of a 
tongue or a spring 23 for electrical connection to the radio 
frequency source/receiver, and the capacitive element 24 used 
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for capacitive coupling to the second antenna element, is 
situated on the same surface as the antenna elements 20, 21. 
In this case, the capacitive coupling means 24 of the feeding 
network is provided by two portions of the feeding network 
which extend in parallel to each other at a close mutual 
distance . 

In the third embodiment, shown in fig. 3, first 20 and second 
meander antenna elements 21 are likewise situated on the upper 
surface of a substrate, while the feeding network has portions 
situated on both the upper and the lower surface and has means 
for capacitive coupling 24 through the substrate to a feed end 
portion of the second antenna element, means for direct 
electrical connection to a feed end portion of the first 
antenna element, and means for electrical connection to the 
radio frequency source/receiver. The upper and the lower 
portions of the feeding network are electrically connected 
with a conducting portion 41 extending through the substrate. 

Fig. 4 is a side view of the third embodiment illustrated in 
fig. 3, where the second antenna element 21, connected to the 
means for capacitive coupling 24 to the feeding network 
through the substrate 40, is shown on the upper side of the 
substrate 40. Only the feed-end of the first antenna element 
20 is shown in this figure. Also shown is a conductive portion 
41 of the feeding network extending through the substrate. 

Fig. 5 shows a fourth embodiment with the first meander 
antenna element 20 situated on the upper surface of a 
substrate, and the second antenna element 21 situated on the 
lower side. The feeding network extends on both sides of the 
substrate, and an upper conductive layer portion of the 
feeding network and a lower conductive layer portion of the 
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feeding network are electrically connected to each other via a 
capacitive element 24. The upper conductive layer portion of 
the feeding network also comprises a feed-end portion 50. 

Fig. 6 shows, a fifth embodiment with a multi-layer substrate 
having three meander antenna elements 20, 60, 21 situated on 
the upper surface of an upper substrate, between the upper and 
lower substrates, and on the lower surface of the lower 
substrate, respectively. As shown in the figure, the size of 
the capacitive elements 61, 62, and the corresponding values 
of the capacitances, differs between the two antenna elements 
60, 21 being capacitively coupled to the feeding network. The 
ratio of the capacitances can thus be set by selecting the 
size of each capacitive element 61, 62, and these capacitances 
should preferably be set such that only one of the elements at 
a time is strongly coupled to the source. As a rough estimate, 
a ratio of l:io would suffice, but this ratio, and the 
absolute values of the capacitances, may vary depending on the 
actual design of the multi-band antenna element. It should be 
set such that, at the frequency at which the lowest band 
element 20 is operable, the impedance of both the capacitances 
is high. At the frequency, at which the middle band element 60 
is operable, the impedance of the capacitive element, coupling 
the element 21 operable at the highest frequency, is high. 

Fig. 7 shows a sixth embodiment with two antenna elements 20, 
21 located on one side of a flexible substrate, intended for 
achieving a capacitive coupling from the feeding network 
through the substrate to the second antenna element by folding 
the substrate such that the substrate extends 

circumferentially more than one full turn and the two extended 
conductive areas 24 are positioned on top of each other, with 
one layer of the substrate situated there between. The antenna 
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element, which is preferably flat during the initial 
manufacturing process, may be folded around a suitable frame 
8 0 (shown in fig. 8) in a second processing step, or it may be 
folded using some other method that guarantees a high 
precision in the positioning of the two conductive areas 24 
with respect to each other. A particular advantage of this 
embodiment is that only one conductive layer is needed for the 
meander antenna elements and the feeding network, and no 
additional components or steps in the manufacturing process 
are needed. Still, upon completion, the antenna has a small 
size. Fig. 8 shows the embodiment of fig. 7 from above, in its 
folded condition. 

The seventh embodiment, shown in fig. 9, comprises two meander 
antenna elements 20, 21 situated on an upper surface of a 
substrate, as in the second embodiment. The capacitive 
element, realized in the above embodiments as an integral part 
of the feeding network, is in this embodiment provided by a 
separate discrete capacitor 90 . An advantage of this 
embodiment is that the capacitance can be set to any desired 
value, without using an disproportionately large part of the 
substrate surface. A disadvantage of this embodiment however, 
as compared to the previous embodiments, is the need for 
additional steps in the manufacturing process. 

Although the invention has been described in conjunction with 
a number of preferred embodiments, it is to be understood that 
various modifications may still be made without departing from 
the scope of the invention as defined by the appended claims. 
One such possible modification is applying the feeding 
network, as described in the present invention, to multiple 
band antennas constituted by antenna elements which are 
neither of helix nor of meander type, but of some other shape, 



WO 01/11721 



10 



PCT/SEOO/01543 



such as whip antennas, or applying it to multiple band 
antennas constituted by combinations of different types of 
antenna elements, or to combinations of multiple band antennas 
with fixed and retractable portions. 
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CLAIMS 

1. A multiple frequency band antenna, comprising at 

least two antenna elements connected via an antenna feeding 
network to a radio frequency source/receiver, said antenna 
elements being operable in at least two non- over lapping 
frequency bands, characterised in that 

said antenna feeding network comprises means for 
connection to the radio frequency source/receiver, 
means for direct electrical connection to a feed-end 
portion of a first antenna element being operable in 
a lowermost frequency band, and means for capacitive 
coupling (24) to a feed-end portion of at least a 
second antenna element being operable in a frequency 
band which is higher than said lowermost frequency 
band, 

said capacitive coupling being dimensioned to provide 
a relatively high impedance for frequencies in said 
lowermost frequency band and a relatively low 
impedance for frequencies in said higher frequency 
band. 

2 . The multiple frequency band antenna according to 

claim 1, characterised in that said at least two antenna 
elements are situated side-by-side in close proximity to each 
other. 

3 . The multiple frequency band antenna according to 

claim 1, characterised in that said at least two antenna 
elements are nested inside each other. 
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4 * The multiple frequency band antenna according to any 

one of claims 1 through 3, characterised in that said at least 
two antenna elements are helix antenna elements. 

5 - The multiple frequency band antenna according to 

claim 4, characterised in that 

said antenna feeding network comprises at least two 
concentric coil necks (12, 13) being nested inside 
each other constituting the feed-end portions of said 
helix antenna elements, 

said coil necks being capacitively coupled to each 
other through a dielectric medium (14) , and 
one of said coil necks (12, 13) being directly 
electrically connected to said radio frequency 
source/receiver . 



6 



The multiple frequency band antenna according to any 
one of claims 1 through 3, characterised in that 

said at least two antenna elements are meander 
antenna elements, 

each in the form of a conductive layer on a 
substrate . 



1 ' The multiple frequency band antenna according to 

claim 6, characterised in that said at least two meander 
antenna elements are located on the same side of said 
substrate. 

8. The multiple frequency band antenna according to 

claim 7, characterised in that said means for connection to 
the radio frequency source/receiver is located on the opposite 
side of said substrate. 
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9. The multiple frequency band antenna according to 
claim 6, characterised in that 

said at least two antenna elements are located on 

opposite sides of said substrate, 

said second antenna element being capacitively 

coupled to said feeding network through the 

substrate. 

10. The multiple frequency band antenna according to 
claim 7, characterised in that said substrate extends 
circumferentially more than one full turn, such that said 
second antenna element is capacitively coupled to said feeding 
network through the substrate. 

11. The multiple frequency band antenna according to any 
of claims 6, through 9, characterised in that the portion of 
said feeding network providing capacitive coupling between the 
antenna elements is provided by a discrete capacitor (90) . 

12. The multiple frequency band antenna according to any 
of claims 6, through 9, characterised in that said means for 
connection to the radio frequency source/receiver comprises a 
conductive portion extending through the substrate to said 
first element. 

13. A mobile telephone having an antenna according to any 
one of the preceding claims. 
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